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Description

Field

[0001] The present invention relates to an electrolu-
minescent device (hereinafter referred to as "EL de-
vice") and a method for the production of the same. In
particular, the present invention relates to an EL device
which can be produced and stored in the form of a roll
as a stock product having a luminescent layer which
continuously extends in the lengthwise direction of the
roll-form device, unlike conventional EL devices pro-
duced by screen printing, and a method for the produc-
tion of the same.

Background

[0002] Luminescent layers and other layers of con-
ventional EL devices are formed by silk-screen printing,
as disclosed in JP-B-59-14878, JP-B-62-59879, etc.
Thus, the size of the EL devices is limited by the size of
a printing plate, and it is difficult to produce an EL device
having a luminescent layer with a large area or which
continuously extend in the lengthwise direction of the
device. Also, it is impossible to produce a roll-form EL
device having a luminescent layer continuously extend-
ing in the lengthwise direction as a stock product.
[0003] When a stock product of an EL device having
a continuous luminescent layer in the lengthwise direc-
tion can be produced and stored, an EL device having
a required length can be obtained by cutting the stock
product in a required length on demand, and the EL de-
vices can be easily applied to various products. Thus, it
is strongly desired to provide such a roll-form EL device.
[0004] Conventional EL devices are suitable for lumi-
nescent displays having a small plane size (small area)
such as watches, pagers (beepers), portable phones,
notebook-size personal computers, handy terminals,
etc. but they cannot be used to assemble large-sized
luminescent displays such as billboards, signs, plane il-
luminators (e.g. floor illuminators, etc.), and the like.
[0005] If large-sized luminescence displays are as-
sembled using conventional EL devices, a number of EL
devices should be connected with each other, and thus,
productions and construction of such displays are ex-
tremely difficult.
[0006] It is also important to increase the luminance
of EL devices for the realization of large-sized lumines-
cent displays. For example, the above cited patent pub-
lications disclose EL devices having a so-called "disper-
sion type luminescent layer" which is formed by dispers-
ing luminescent particles such as fluorescent particles
in matrix resins such as polymers having a high dielec-
tric constant. For example, JP-B-S9-14878 discloses an
EL device comprising a transparent substrate, a trans-
parent conductive layer, an insulating layer consisting
of a vinylidene fluoride polymer as a matrix resin, a flu-
orescent layer comprising fluorescent particles and a vi-

nylidene fluoride polymer as a matrix resin, the same
insulating layer as above, and a rear electrode, which
are laminated in this order. JP-B-S9879 discloses an EL
device comprising a polyester film, an ITO electrode, a
luminescent layer comprising fluorescent particles and
a cyanoethylated ethylene-vinyl alcohol copolymer (a
matrix resin), and an aluminum foil (a rear electrode),
which are laminated in this order. In these EL devices,
a luminescent layer is formed by the application of a
coating containing luminescent particles dispersed in a
matrix resin. Thus, the luminance of the device can be
increased by the increase of the amount of luminescent
particles in the coating. However, the increase of the
amount of the luminescent particles to an unnecessary
level may make it difficult to apply the coating continu-
ously at a high rate.
[0007] U.S. Pat. Nos. 5,019,748 and 5,045,755 dis-
close an EL device having a luminescent layer which is
formed from (1) a first dielectric adhesive layer having
a high dielectric constant applied on the transparent
conductive layer of a transparent substrate, (2) a fluo-
rescent particle layer in the form of a substantially single
layer (having a thickness not exceeding the largest size
of particles), which is formed by applying dry fluorescent
particles (luminescent particles) on the first dielectric ad-
hesive layer, and (3) a second dielectric layer containing
a filler having a high dielectric constant. In contrast with
the above "dispersion type luminescent layer", it is easy
to continuously carry out the coating processes, and it
is possible to produce a roll-form EL device by the dis-
closed method. However, these U.S. patent specifica-
tions do not disclose any specific manner to form a con-
tinuous terminal (buss), through which an electricity
(voltage) is applied from outside to the transparent con-
ductive layer, along the lengthwise direction of the trans-
parent substrate, in the production steps of the roll-form
EL device.
[0008] Furthermore, to increase the area of EL devic-
es, it is a key factor that how a terminal (buss), which
supplies an electricity (a voltage) to a transparent con-
ductive layer from the outside, is provided. For example,
in the case of EL devices for the above described dis-
plays with a small area, busses, which are not electri-
cally in contact with luminescent layers or rear elec-
trodes, can be formed on a transparent conductive layer
by effectively repeating screen printing. However, none
of the above cited publications or patents disclose any
method to form busses continuously in the lengthwise
direction of the device.
[0009] On the other hand, in the case of "dispersion
type luminescent layers", it is difficult to form lumines-
cent layers with improved luminance continuously at a
high rate, that is, at a high productivity. The reason for
this is that luminescent particles, which have a larger
specific gravity than matrix resins, tend to sink in a coat-
ing for forming luminescent layers comprising lumines-
cent particles dispersed in the solution of matrix resins,
and thus it is difficult to uniformly disperse the lumines-
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cent particles in the luminescent layers formed from
such a coating.
[0010] Furthermore, the dispersibility deteriorates
when the amount of luminescent particles in the coating
is increased to increase the filling rate of luminescent
particles in the luminescent layer. The filling rate of the
luminescent particles is at most 20 vol. % of the whole
luminescent layer. In addition, it is relatively difficult to
increase the coating thickness of the luminescent layer
while maintaining the uniformity of a thickness using
such a dispersion type coating. Therefore, the number
of applications of the coating should be increased to in-
crease the thickness of the luminescent layer for in-
creasing the luminance, the productivity decreases, and
it is difficult to produce a roll-form EL device having a
large area.
[0011] There is a great need for an EL device which
can be formed in the form of a roll, and from which large-
sized luminescent displays can be easily produced, in
order to solve the problems associated with the above-
described prior arts. There is also a need for an EL de-
vice which can easily increase a filling rate the lumines-
cent particles in a luminescent layer and thus improve
the luminance of the device, in addition to the easy for-
mation of large-sized luminescent displays. Also, there
is a need for a roll-form EL device having a high lumi-
nance and a large area, which can be produced at a
high productivity using no dispersion coating containing
luminescent particles.

Summary

[0012] In one embodiment, the present invention pro-
vides an electroluminescent device having: a transpar-
ent substrate which extends in the lengthwise direction
of the device; a transparent conductive layer placed on
the back surface of the transparent substrate; a lumi-
nescent layer having a width which is smaller than the
width of the transparent conductive layer and being
placed on the back surface of the transparent conduc-
tive layer; a rear electrode placed on the back surface
of the luminescent layer; and at least one buss which is
placed on the part of the back surface of the transparent
conductive layer having no luminescent layer, has a
width smaller than the width of the transparent conduc-
tive layer, and is electrically in contact with neither the
luminescent layer nor the rear electrode wherein the
transparent conductive layer, the luminescent layer, the
rear electrode and the buss continuously extend in the
lengthwise direction of the transparent substrate prior to
cutting the device.
[0013] Preferably, the luminescent layer comprises a
transparent support layer comprising a matrix resin and
being placed on the side of the transparent conductive
layer, an insulating layer comprising an insulating ma-
terial and being placed on the side of the rear electrode,
and a luminescent particle layer having luminescent
particles which are embedded in both the support layer

and the insulating layer. Preferably, the matrix resin of
the transparent support layer is selected from the group
consisting of epoxy resins and polymers having a high
dielectric constant. Preferably, the dielectric constant is
at least about 5, more preferably between 7and 25 when
measured by applying an AC current of 1 kHz. Alterna-
tively, the matrix resin or the transparent support layer
is selected from the group consisting of polymers of vi-
nylidene fluoride resins, and polymers of cyanoresins.
Preferably, the transparent support layer has a thick-
ness of between 0.5 and 1000 microns and contains red
or pink fluorescent dyes. The insulating layer preferably
comprises a coating containing insulating particles. The
insulating particles preferably comprise an inorganic
particle selected from the group consisting of titanium
dioxide, barium titanate, aluminium oxide, silicon oxide,
silicon nitride, and magnesium oxide.
[0014] The transparent substrate preferably contains
a dye which develops a complementary color to a color
emitted by the luminescent layer. The dye preferably is
selected from the group consisting of red or pink fluo-
rescent dyes. The transparent conductive layer prefer-
ably is a indium-tin oxide film, and preferably has a sur-
face resistivity between 500 Ω/square or less, most pref-
erably between 1 and 300 Ω/square. The rear electrode
preferably comprises a metal film of aluminium, gold, sil-
ver, copper, nickel or chromium.
[0015] In another embodiment, the present invention
provides a method for producing an electroluminescent
device including the steps of: providing a transparent
substrate on one surface of which a transparent con-
ductive layer is applied; placing the luminescent layer
on the transparent conductive layer by a coating proc-
ess so that the width of the luminescent layer is smaller
than that of the transparent conductive layer to form a
luminescent layer-carrying substrate; placing a masking
on an exposed part of the transparent conductive layer
of the luminescent layer-carrying substrate, which part
has no luminescent layer, in the lengthwise direction of
the transparent substrate, where the masking has a
width smaller than that of the exposed part carrying no
luminescent layer; and applying a conductive material
onto the luminescent layer-carrying substrate to form
the rear electrode and the buss which is electrically in
contact with neither the luminescent layer nor the rear
electrode due to the presence of the masking or the ex-
posed part from which the masking is removed.
[0016] In another embodiment, the present invention
provides a method for producing an electroluminescent
device including the steps of: providing a transparent
substrate on one surface of which a transparent con-
ductive layer is applied; placing a masking on the sur-
face of the transparent conductive layer to cover a buss-
forming area, on which the buss is formed, with the
masking, so that a buss-forming area having the applied
masking and a masking-free area having no masking
are formed on the transparent conductive layer; placing
the luminescent layer on the masking-free area of the
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transparent conductive layer by a coating process to
form a luminescent layer-carrying substrate; applying a
conductive material onto the luminescent layer-carrying
substrate to form the rear electrode on the luminescent
layer; removing at least a part of the masking to expose
the buss-forming area; and then applying a conductive
material onto the exposed buss-forming area, to form
the rear electrode and the buss which is electrically in
contact with neither the luminescent layer nor the rear
electrode due to the presence of the masking or the ex-
posed part from which the masking is removed.
[0017] Furthermore, in another embodiment, the
present invention provides an electroluminescent de-
vice, in which the luminescent layer includes: a trans-
parent support layer comprising a matrix resin and being
placed on the side of the transparent conductive layer;
an insulating layer comprising an insulating material and
being placed on the side of the rear electrode; and a
luminescent particle layer having luminescent particle
which are embedded in both the support layer and the
insulating layer.

Brief Description of the Drawings

[0018]

Fig. 1 illustrates a plane view of an EL device ac-
cording to the present invention.
Fig. 2 illustrates a cross-section of an EL device ac-
cording to the present invention.
Fig. 3 illustrates a cross-section of one preferable
example of a luminescent layer contained in an EL
device according to the present invention.

Detailed Description of the Preferred Embodiments

[0019] In suitable EL devices of the present invention,
a transparent conductive layer, a luminescent layer, a
rear electrode and a buss, which are placed on a trans-
parent substrate extending continuously in the length-
wise direction, extend continuously in the lengthwise di-
rection of the transparent substrate. Thus, the EL device
comprising a luminescent layer and the like with a large
area (plane size) which are continuous in the lengthwise
direction can be very easily produced. That is, a roll-form
EL device as a stock product having a luminescent layer
which continuously extends in the lengthwise direction
of the device is produced and stored, and an EL device
having a desired length can be obtained by cutting the
stock product in a desired length on demand.
[0020] Laminated parts (such as a luminescent layer,
a buss and the like, which are formed on a transparent
substrate), can be produced discontinuously by the con-
ventional production method of EL devices using screen
printing. However, only an EL device having a size such
that the above discontinuous part is not included can be
obtained from the stock product of EL devices produced
by screen printing. On the other hand, when the EL de-

vice of the present invention is produced in the form of
a roll as a stock product, the EL device can be easily
applied to various products as explained above.
[0021] The luminescent layer of the EL device accord-
ing to the present invention usually comprises lumines-
cent particles (particles which emit light upon application
of a voltage), and a matrix resin. For example, a lumi-
nescent layer can be formed by applying a coating con-
taining a matrix resin and luminescent particles which
are dispersed in the matrix resin on a substrate, and so-
lidifying (drying, cooling, curing, etc.) it. Such a coating
method can easily form a luminescent layer which con-
tinuously extends in the lengthwise direction.
[0022] Alternatively, a luminescent layer in the form of
a substantially single particle layer can be formed using
a coating (slurry) comprising a polymer having a high
dielectric constant as a binder, and luminescent parti-
cles dispersed in the binder polymer. In this case, for
example, a coated layer is made thin by applying the
coating by curtain coating, etc. with little or no shear to
form a luminescent particle layer consisting of the coat-
ed layer having substantially the same thickness as the
particle size of the luminescent particles.
[0023] A roll-form EL device having high luminance
and a large area can be produced at a high productivity,
when the EL device is produced by a method comprising
the following steps:

providing a transparent substrate on one surface of
which a transparent conductive layer is applied,
placing the luminescent layer on the transparent
conductive layer by a coating process so that the
width of the luminescent layer is smaller than that
of the transparent conductive layer to form a lumi-
nescent layer-carrying substrate,
placing a masking on an exposed part of the trans-
parent conductive layer of the luminescent layer-
carrying substrate, which part has no luminescent
layer, in the lengthwise direction of the transparent
substrate, where the masking has a width smaller
than that of the exposed part carrying no lumines-
cent layer, and
applying a conductive material onto the lumines-
cent layer-carrying substrate to form the rear elec-
trode and the buss which is electrically in contact
with neither the luminescent layer nor the rear elec-
trode due to the presence of the masking or the ex-
posed part from which the masking is removed.

[0024] One of the characteristics of this method is that
the rear electrode and buss can be formed so that the
buss is electrically in contact with neither the lumines-
cent layer nor the rear electrode due to the presence of
(1) the masking or (2) the exposed part of the transpar-
ent conductive layer from which the masking has been
removed, and on which no luminescent layer has been
applied.
[0025] In this method, a masking may be removed if
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desired. It is not necessary to remove a masking insofar
as a buss is not electrically in contact with a rear elec-
trode. For example, a masking is not removed, when the
first conductive material which forms a rear electrode
and the second conductive material which forms a buss
are applied at the same time but with different applica-
tion apparatuses, or in different steps, and a masking
prevents the rear electrode and the buss, which are
formed from two conductive materials, from being in
contact each other. Furthermore, a masking is not re-
moved, when the thicknesses of a luminescent layer
and a masking are sufficiently large in comparison with
the thickness of a buss to be formed, and conductive
materials, which are applied at the same time, can be
separated between a buss-forming area and a rear elec-
trode-forming area. However, a masking is preferably
removed, since a rear electrode and a buss, which are
not electrically in contact each other, can be easily
formed.
[0026] The first and second conductive materials may
be the same or different. However, a buss and a rear
electrode are preferably formed at the same time, since
the production steps can be simplified, and the produc-
tivity increases.
[0027] In another embodiment of the present inven-
tion, a roll-form EL device having high luminance and a
large area can be produced at a high productivity, when
the EL device is produced by a method comprising the
following steps:

providing a transparent substrate on one surface of
which a transparent conductive layer is applied,
placing a masking on the surface of the transparent
conductive layer to cover a buss-forming area, on
which the buss is formed, with the masking, so that
a buss-forming area having the applied masking
and a masking-free area having no masking are
formed on the transparent conductive layer,
placing the luminescent layer on the masking-free
area of the transparent conductive layer by a coat-
ing process to form a luminescent layer-carrying
substrate,
applying a conductive material onto the lumines-
cent layer-carrying substrate to form the rear elec-
trode on the luminescent layer, removing at least a
part of the masking to expose the buss-forming ar-
ea, and then applying a conductive material onto
the exposed buss-forming area, to form the rear
electrode and the buss which is electrically in con-
tact with neither the luminescent layer nor the rear
electrode due to the presence of the masking or the
exposed part from which the masking is removed.

[0028] One of the characteristics of this method is that
a masking is applied on a transparent conductive layer
prior to the application of a luminescent layer to form a
buss-forming area having the applied masking, and a
masking-free area having no masking. This method can

easily prevent the damage of the buss-forming area on
the transparent conductive layer due to scratching, etc.
from the step of the formation of a luminescent layer to
the step of the formation of a buss. In this case, a mask-
ing makes it easy to form a continuous buss in the
lengthwise direction of the substrate, and functions as
a protective film of a transparent conductive layer (in the
buss-forming area).
[0029] In this method, a masking is always removed,
and it may be removed partly or wholly. For example, in
the last listed step, the first conductive-material is ap-
plied on a luminescent layer-carrying substrate, and at
least a part of the masking is removed to expose a buss-
forming area. Then, the second conductive material is
applied on the exposed buss-forming area to form a
buss. Alternatively, when a part of the masking is re-
moved and then the second conductive material is ap-
plied to the exposed buss-forming area, the remaining
masking may be removed if necessary. Preferably, the
whole masking is removed, since a rear electrode and
a buss, which are not electrically in contact each other,
can be easily formed. The first and second conductive
materials may be the same or different.
[0030] When a masking is utilized as the protective
film of a transparent conductive layer, preferably a part
of the masking is removed in the last listed step to ex-
pose a buss-forming area, and then the conductive ma-
terial is applied on the luminescent layer-carrying sub-
strate to form, at the same time, a rear electrode and a
buss which is electrically in contact with neither the lu-
minescent layer nor the rear electrode, since the rear
electrode and the buss, which are not electrically in con-
tact with each other, can be particularly easily formed,
and thus the production steps can be simplified.
[0031] The above buss is preferably formed by any
application method of a conductive material (e.g., appli-
cation of a coating liquid, vapor deposition, sputtering,
etc.). Thereby, a buss, which extends continuously
along the lengthwise direction of the substrate, can be
particularly easily formed in the production process of a
roll-form EL device. Conductive materials, which are
used to form a buss and a rear electrode will be ex-
plained below.
[0032] As a masking material, repeelable adhesive
tapes such as masking tapes, application tapes for seal-
ing, etc., repeelable resin coatings, and the like, which
are used in general coating methods, can be used. The
thickness of a masking is usually from 10 to 100 µm.
The preferable thickness of a masking is from 0.1 to 30
µm, when a masking is used as the protective film of a
transparent conductive layer (in a buss-forming area).
[0033] The filling rate of luminescent particles in a lu-
minescent layer can easily increase, and thus lumi-
nance greatly increases, when a luminescent layer com-
prises a luminescent particle layer which substantially
consists of particles containing luminescent particles,
and is placed in-between a support layer and an insu-
lating layer and in close contact with the two layers. At
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the same time, a luminescent layer continuously extend-
ing in the lengthwise direction can very easily be formed.
[0034] Such a luminescent layer comprising a support
layer, an insulating layer, and a luminescent particle lay-
er which is in close contact with the support layer and
insulating layer can be formed by powder-application
methods, for example, the scattering of luminescent
particles, the details of which will be explained later.
[0035] An insulating layer and a support layer can be
formed from coatings containing no luminescent parti-
cles. Thus, any problem due to the sink of luminescent
particles in a coating for forming a luminescent layer
does not arise, unlike the "dispersion type luminescent
layer".
[0036] It is very easy to increase a filling rate of lumi-
nescent particles in a luminescent particle layer, and a
filling rate of almost 100-vol. % can be achieved. An EL
device comprising such a luminescent particle layer is
preferable for the production of a roll-form EL device
having a large area.
[0037] An EL device having such a luminescent par-
ticle layer is preferably produced by a method compris-
ing the following steps:

providing a transparent substrate which is continu-
ous in the lengthwise direction and carries a lami-
nated transparent conductive layer on one of its sur-
faces,
applying a coating for forming a support layer com-
prising a matrix resin on the transparent conductive
layer so that the applied coating has a width smaller
than the width of the transparent conductive layer,
scattering particles containing luminescent parti-
cles over the coating in a layer state prior to the so-
lidification of the coating, embedding the layer of
particles partly in the coating, and solidifying the
coating to form a support layer and a luminescent
particle layer in close contact with the support layer,
applying a coating for forming an insulating layer
comprising an insulating material on the lumines-
cent particle layer, solidifying the coating to form an
insulating layer in close contact with the lumines-
cent particle layer, and thus the luminescent layer
comprising luminescent particles which are embed-
ded in the support layer and insulating layer, where-
by a substrate carrying a luminescent layer is ob-
tained,
placing a masking on the remaining part of the lu-
minescent layer-carrying substrate where no lumi-
nescent layer has been formed, in the lengthwise
direction of the transparent substrate, so that the
width of the masking is smaller than that of the re-
maining part,
applying a conductive material on the luminescent
layer-carrying substrate, and optionally removing
the masking to form, at the same time, a rear elec-
trode provided on the insulating layer, and a buss
which is electrically in contact with neither the lumi-

nescent layer nor the rear electrode.

[0038] The above method can easily form a lumines-
cent layer having increased luminance continuously at
a high rate, that is, at a high productivity. For example,
the luminescent layer can be formed usually at a coating
rate of 5 mpm (meter per minute) or higher, preferably
between 110 and 200 mpm, more preferably between
12 and 100 mpm.
[0039] The content of luminescent particles in parti-
cles contained in the above luminescent layer is prefer-
ably at least 40 vol. %. When the content of luminescent
particles is less than 40 vol. %, the effect to increase the
luminance may deteriorate. The luminance is maxi-
mized when all the particles are luminescent particles.
Therefore, the preferable content of luminescent parti-
cles is between 50 and 100 vol. %.

EL device

[0040] One example of the EL device of the present
is a roll-form EL device, which comprises, as shown in
Figs. 1 and 2, a laminate having a transparent substrate
1 and a transparent conductive layer 2, a rear electrode
3, a luminescent layer 4 placed between this laminate
and the rear electrode 3, and at least one buss 5 that is
placed on the transparent conductive layer and is elec-
trically in contact with neither the luminescent layer nor
the rear electrode.
[0041] In this structure, the busses 5 are placed near
the both edges of the transparent substrate, and are in
the form of two stripes which are in parallel with the lu-
minescent layer 4 carrying the rear electrode.
[0042] The luminescent layer 4 of the preferable ex-
ample shown in Fig. 3, which will be explained in detail
below, has a structure in which a transparent support
layer 41 comprising a matrix resin, an insulating layer
43 containing an insulating material, and a luminescent
particle layer 42 placed between the layers 41 and 43,
which are laminated in close contact.
[0043] In general, the thickness of the whole EL de-
vice is in the range between 50 and 3000 µm. The length
of the EL device is usually at least 1 m, when it is in the
roll-form.
[0044] The shape and arrangement of a buss are not
limited to those described above, insofar as the buss
functions as a terminal for supplying an electricity (volt-
age) to a transparent conductive layer from outside. For
example, a buss may consist of a plurality of small buss
parts which extend in the form of a bar code in the
lengthwise direction, or a plurality of circular buss parts
which are present along the length of the device. That
is, small busses may discontinuously exist in the length-
wise direction, insofar as each distance between the ad-
jacent buss parts is not too large.
[0045] For example, when an EL device for a large-
sized display is formed by cutting a desired length from
the stock product of an EL device, a luminescent layer
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should be present on a transparent conductive layer
with no discontinuous part, while adjacent buss parts
may be discretely present insofar as the buss parts can
function as terminals for supplying an electricity (volt-
age) to a transparent conductive layer from the outside.
[0046] A buss may be formed from a conductive ma-
terial by an application method, which can be employed
also in the formation of a rear electrode. The application
method is preferably the application of a coating con-
taining a conductive material, vapor deposition, sputter-
ing, etc., since a buss, which continuously extends
along the lengthwise direction of a transparent sub-
strate, can be easily formed in the production method of
a roll-form EL device.

Transparent substrate

[0047] The transparent substrate may be the same as
that used in the conventional dispersion type EL devic-
es, and for example, plastic films and the like can be
used.
[0048] Examples of the plastic films used as sub-
strates are films of polyester resins such as polyethyl-
ene terephthalate (PET), polyethylene naphthalate
(PEN), etc.; acrylic resins such as polymethyl methacr-
ylate, modified polymethyl methacrylate, etc.; fluorores-
ins such as polyvinylidene fluoride, acryl-modified poly-
vinylidene fluoride, etc.; polycarbonate resins; vinyl
chloride resins such as vinyl chloride copolymers; and
the like.
[0049] The transparent substrate may be a single lay-
er film as shown in Fig. 2, while it may be a multilayer
film. For example, the whiteness of the light can in-
crease, when at least one layer of the multilayer film has
high transparency and contains a dye which develops
a complimentary color to a color emitted by the lumines-
cent layer. Preferably, examples of such a dye are red
or pink fluorescent dyes such as rhodamine 6G, rhod-
amine B, perylene dyes, etc. when the emitted light from
the luminescent layer is blue-green. Furthermore, proc-
essed pigments comprising these dyes dispersed in res-
ins may be used.
[0050] The both surfaces of the transparent substrate
are usually flat, while the surface which is not in contact
with the transparent conductive layer may have regular
projections unless the effects of the present-invention
are impaired.
[0051] The light transmission through the transparent
substrate is usually at least 60 %, preferably at least 70
%, in particular at least 80 %. Herein, the "light trans-
mission" means the transmission of light measured us-
ing a UV-light/visible light spectrophotometer "'U best V-
560" (manufactured by NIPPON BUNKO KABUSH-
KIKAISHA) with light of 550 nm.
[0052] The thickness of a transparent substrate is
usually between 10 and 1000 µm when a roll-form EL
device is formed.
[0053] A transparent substrate may contain additives

such as UV light absorbers, moisture absorbents, col-
orants, fluorescent materials, phosphors, and the like
unless the effects of the present invention are impaired.

Transparent conductive layer

[0054] A transparent conductive layer is placed on the
back surface of the transparent substrate in close con-
tact therewith.
[0055] The transparent conductive layer may be any
transparent electrode which is used in the dispersion
type EL devices such as an ITO (Indium-Tin Oxide) film,
and the like. The thickness of the transparent conductive
layer is usually between 0.01 and 1000 µm, the surface
resistivity is usually between 500 Ω/square or less, pref-
erably between 1 and 300 Ω/square. The light transmis-
sion is usually at least 70 %, preferably at least 80 %.
[0056] An ITO film is formed by any conventional film-
forming method such as vapor deposition, sputtering,
paste coating, and the like.
[0057] The ITO film is formed directly on the transpar-
ent substrate in the embodiment of Figs. 1 and 2, while
a primer layer may be formed on the transparent sub-
strate, and then the ITO film may be formed on the prim-
er layer. The thickness of a primer is usually between
0.1 and 100 µm. In place of the primer layer, the surface
of the transparent substrate is treated with corona, the
coating of silicon oxide, and the like for facilitating the
adhesion of the ITO film. Alternatively, the ITO film is
formed on a luminescence layer and then a transparent
substrate is laminated on the ITO film.
[0058] Alternatively, an ITO film, which has been
formed on the release surface of a temporary substrate,
is transferred to the back surface of a transparent sub-
strate through a transparent adhesive. As a temporary
substrate, a release paper, a release film, a low density
polyethylene film, etc. can be used.

Rear electrode

[0059] A rear electrode layer is placed on the back
surface of a luminescent layer, that is, the side facing
an insulating layer. The rear electrode is in direct contact
with the luminescent layer in the embodiment of Figs.
1 and 2.
[0060] A resin layer can be provided between the rear
electrode and the luminescent layer for increasing the
adhesion between them. The resin for the resin layer
may be a polymer having a high dielectric constant,
which will be explained below. The resin layer may con-
tain insulating organic particles.
[0061] A rear electrode may be a conductive material
film used in the dispersion type EL devices such as a
metal film of aluminum, gold, silver, copper, nickel, chro-
mium, etc.; a transparent conductive film such as an ITO
film, a conductive carbon film, and the like. Such a con-
ductive material film is preferably formed by the appli-
cation of a coating containing a conductive material (e.
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g. bar coating, spray coating, curtain coating, etc.), va-
por deposition, sputtering, and the like. The metal film
may be a vapor deposited film, a sputtered film, a metal
foil, and the like. Also, an electrode film comprising a
substrate (e.g. a polymer film, etc.) carrying a conduc-
tive layer can be used as a rear film.
[0062] The thickness of the rear electrode is usually
between 5 nm and 1 mm.
[0063] The EL device can emit light from both surfac-
es when the rear electrode consists of a transparent
conductive film and also the insulating layer is transpar-
ent.

Transparent substrate (Support layer)

[0064] As described above, a luminescent layer is
preferably formed from a transparent substrate provided
on the side of a transparent conductive layer, an insu-
lating layer provided on the side of a rear electrode, and
a luminescent particle layer containing luminescent par-
ticles which are embedded in both the support layer and
insulating layer.
[0065] The support layer of the luminescent layer is
placed preferably on the back surface of the transparent
conductive layer in close contact therewith, and thereby
the luminescent efficiency of the luminescent layer is
easily increased.
[0066] The support layer is a transparent layer con-
taining a matrix resin. The thickness of the support layer
is usually between 0.5 and 1000 µm, and the light trans-
mission is usually at least 70 preferably at least 80.
[0067] The matrix resin may be any matrix resin that
is used in the luminescent layer of the conventional dis-
persion type EL devices, such as epoxy resins, poly-
mers having a high dielectric constant, and the like. The
polymers having the high dielectric constant are those
having a dielectric constant of usually at least about 5,
preferably between 7 and 25, more preferably between
8 and 18, when it is measured by applying an alternating
current of 1 kHz. When the dielectric constant is too low,
the luminance may not increase. When it is too high, the
life of the luminescent layer tends to shorten.
[0068] Examples of the polymers having the high di-
electric constant are vinylidene fluoride resins, cy-
anoresins, and the like. For example, the vinylidene flu-
oride resin may be obtained by copolymerization of vi-
nylidene fluoride and at least one other fluorine-contain-
ing monomer. Examples of the other fluorine-containing
monomer are tetrafluoroethylene, trifluorochloroethyl-
ene, hexafluoropropylene, and the like. Examples of the
cyanoresin are cyanoethylcellulose, cyanoethylated
ethylene-vinyl alcohol copolymer, and the like.
[0069] The support layer usually consists of a matrix
resin, while it may contain additives such as other res-
ins, fillers, surfactants, UV light absorbers, antioxidants,
antifungus agents, rust-preventives, moisture absorb-
ents, colorants, phosphors, and the like, unless the ef-
fects of the present invention are impaired. For example,

the support layer may contain red or pink fluorescent
dyes such as rhodamine 6G, rhodamine B, perylene
dyes, and the like, when the emitted light from the lumi-
nescent particle layer is blue-green. Furthermore, the
above other resins may be curable or tacky.

Insulating layer

[0070] An insulating material contained in the insulat-
ing layer of the luminescent layer may be insulating par-
ticles, polymers having a high dielectric constant, and
the like, which are used in the conventional dispersion
type EL devices.
[0071] The insulating layer is usually a coating layer
formed from a coating which has been prepared by dis-
persing the insulating particles in the polymer having a
high dielectric constant, or the layer of a polymer having
a high dielectric constant containing substantially no in-
sulating particles.
[0072] Examples of the insulating particles are insu-
lating inorganic particles of, for example, titanium diox-
ide, barium titanate, aluminum oxide, silicon oxide, sili-
con nitride, magnesium oxide, and the like. The poly-
mers having a high dielectric constant may be the pol-
ymers used for the support layer.
[0073] The insulating layer may be formed by the ap-
plication of a coating on either the rear electrode or the
luminescent particle layer.
[0074] When the insulating layer is a coating layer
comprising insulating particles and a polymer having a
high dielectric constant, the amount of the insulating
particles is between 1 and 400 wt. parts, preferably be-
tween 10 and 350 wt. parts, more preferably between
20 and 300 wt. parts, per 100 wt. parts of the polymer
having the high dielectric constant. When the amount of
the insulating particles is too low, the insulating effect
decreases, and thus the luminance tends to decrease.
When the amount is too high, the application of the coat-
ing may be difficult.
[0075] The thickness of the insulating layer is usually
between 2 and 1000 µm. The insulating layer may con-
tain additives such as fillers, surfactants, antioxidants,
antifungus agents, rust-preventives, moisture absorb-
ents, colorants, phosphors, curable resins, tackifiers,
and the like, insofar as the insulating properties are not
impaired.

Luminescent particle layer

[0076] Luminescent particles in a luminescent particle
layer spontaneously emit light when they are placed in
an alternating electric field. Suitable such particles in-
clude fluorescent particles which are used in the disper-
sion type EL devices. Examples of suitable fluorescent
materials are single substances of fluorescent com-
pounds (e.g. ZnS, CdZnS, ZnSSe, CdZnSe, etc.), or
mixtures of the fluorescent compounds and auxiliary
components (e.g., Cu, I, Cl, Al, Mn, NdF3, Ag, B, etc.).
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[0077] The average particle size of the fluorescent
particles is usually between 5 and 100 µm. The partic-
ulate fluorescent materials, on which the coating film of
glass, ceramics, and the like is formed, may be used.
[0078] The thickness of the luminescent particle layer
is usually between 5 and 500 µm. When the fluorescent
particle layer consists of a plurality of particles which are
placed in a single layer state, the EL device can be made
thin easily.
[0079] Furthermore, the luminescent particle layer
may contain at least two kinds of luminescent particles.
For example, at least two kinds of luminescent particles
which emit blue, blue-green or orange light and have
discrete spectra each other are mixed, and thus a lumi-
nescent layer having the high whiteness can be formed.
[0080] The luminescent particle layer may contain
one or more kinds of particles other than the lumines-
cent particles, for example, particles of glass, coloring
materials, phosphors, polymers, inorganic oxides, and
the like. For example, luminescent particles which emit
blue-green light and a pink-coloring material which is the
complimentary color to blue-green (e.g. particles con-
taining rhodamine 6G, rhodamine B, perylene dyes,
etc.) are mixed for forming the luminescent layer having
the high whiteness.

Formation of luminescent layer

[0081] The laminate structure of the luminescent layer
comprising the support layer, luminescent particle layer
and insulating layer may be formed as follows:
[0082] Firstly, the luminescent particle layer is formed
on the surface of either the support layer or the insulat-
ing layer by any conventional powder coating method.
[0083] For example, particles containing the lumines-
cent particles are scattered on the substrate layer while
it maintains flowability, by a suitable method such as
static suction, spraying, gravimetric scattering, and the
like, and the luminescent particle layer in which a part
or whole of the particles are embedded in the support
layer is formed. After that, the flowability of the support
layer is suppressed, and the support layer and the par-
ticle layer are bonded.
[0084] For maintaining the flowability of the support
layer, following methods are preferable: A method for
maintaining the undried state of the coating layer formed
from the coating for the support layer containing the sol-
vent, a method for maintaining the support layer at a
temperature higher than the softening or melting point
of the resin for the support layer, and a method for add-
ing a radiation-curable monomer to the coating for the
support layer. These methods make a solidifying proce-
dure for suppressing the flowability of the support layer
(drying, cooling or hardening) easy.
[0085] In the same way, the luminescent layer can be
formed on the insulating layer made of the coating layer.
[0086] The final layer (either the support layer or the
insulating layer) is laminated on the luminescent particle

layer which has been formed as above, and the laminate
structure in which the three layers are bonded is formed.
The final layer is preferably laminated by coating a coat-
ing containing materials for forming the final layer and
solidifying it, or by press-bonding a film made of mate-
rials for forming the final layer. These methods can sure-
ly form a bonded structure without the presence of any
bubble at the interface between each pair of the support
layer, luminescent particle layer and insulating layer.
[0087] The luminescent particle layer consists of a
plurality of particles which are placed in a single layer
state and is bonded to both the support and insulating
layers, in the embodiment of Fig. 3. However, the lumi-
nescent particle layer may be a multilayer, or a part or
whole of the particles may be embedded entirely in ei-
ther the support layer or the insulating layer. It is impor-
tant to form a bonded structure in which the luminescent
particle layer is placed between the support layer and
the insulating layer, and no bubbles are present at the
interface between each pair of the layers.
[0088] In the luminescent particle layer formed as
above, the materials of the support or insulating layer
penetrate in spaces between the particles. In such a
case, the filling rate of particles is usually at least 20 vol.
%, preferably at least 30 vol. %, more preferably at least
40 vol. % since the decrease of the filling rate may lead
to the decrease of luminance.
[0089] Herein, the "filling rate of particles" is defined
as a percentage of the total volume of the particles in
the volume of a hypothetical layer comprising all the par-
ticles in the luminescent particle layer and the materials
which are present between the particles.
[0090] Furthermore, each of the support and insulat-
ing layers may be the laminate of two or more layers,
unless the effects of the present invention are impaired.
[0091] A dispersion type luminescent layer may be
formed as follows: a matrix resin comprising a polymer
with a high dielectric constant, fluorescent particles, and
a solvent are mixed and uniformly dispersed using a
kneading apparatus such as a homo-mixer to obtain a
coating for forming a luminescent layer. Then, the coat-
ing is applied and dried to form a luminescent layer. In
this case, the coating may be applied directly onto a
transparent conductive layer or a rear electrode, or a
luminescent layer is once formed on a temporary sup-
port having releasing properties, and then transferred to
a transparent conductive layer or a rear electrode.
[0092] The solid content of the coating is usually be-
tween 10 and 60 wt. %. The coating means, coating
thickness, drying conditions, and the like are analogous
to the formation of a conventional dispersion type lumi-
nescent layer.

Production of EL device

[0093] Now, the production method of a laminated EL
device comprising a laminated luminescent layer, which
is one preferable embodiment of the present invention,
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will be explained.
[0094] Firstly, a transparent substrate, on which sur-
face a transparent conductive layer has been laminated,
is provided. A coating for forming a support layer is ap-
plied on the transparent conductive layer. After that, par-
ticles containing luminescent particles are scattered in
a layer state over the applied coating prior to the drying
of the coating, and the particle layer is partly embedded
in the support layer, followed by the drying of the coating.
These steps can easily form a luminescent particle layer
which is partially embedded in and bonded to the sup-
port layer.
[0095] The particles are embedded in the support lay-
er so that usually 1 to 99 %, preferably 10 to 90 %, more
preferably 20 to 80 % of the size of each particle in the
vertical direction (to the plane of the support layer), for
example, the diameter of a spherical particle, is embed-
ded in the support layer. When the embedded percent-
age is less than 1 % the particle layer tends to be dam-
aged during the formation of an insulating layer. When
the particles are embedded so that the embedded per-
centage exceeds 99 %, the particle layer may not be
formed uniformly. The support layer is generally formed
so that it has a width smaller than that of a transparent
conductive layer.
[0096] The coating thickness of the coating for form-
ing the support layer is selected so that the dry thickness
of the support layer is in the above range. The solid con-
tent in the coating for forming the support layer is usually
between 5 and 80 wt. %. A solvent used in the coating
is selected from conventional organic solvents so that
the matrix resin is homogeneously dissolved.
[0097] The coating may be prepared with mixing or
kneading apparatuses such as homomixers, sand mills,
planetary mixers, and the like. For applying the coating,
coating apparatuses such as bar coaters, roll coaters,
knife coaters, die coaters, and the like can be used.
[0098] The drying conditions depend on the kind of
solvent in the coating and the solid content of the coat-
ing, and usually include a temperature in the range be-
tween room temperature (about 25°C) and 150°C, and
a drying time in the range between 5 seconds and 1
hour.
[0099] The particles are scattered by the above meth-
od within 3 minutes from the application of the coating
for forming the support layer, which makes the embed-
ding of particles easy. The drying degree of the coating
depends on the wetability between the particles and the
support layer, that is, the easiness to embed the scat-
tered particles into the undried support layer, and is usu-
ally in the range between 10 and 95 wt. %, preferably
between 20 and 90 wt. % in terms of the solid content.
[0100] Subsequently, the coating for forming the insu-
lating layer is applied so that the luminescent particle
layer is covered, and dried. Accordingly, a bonded struc-
ture, in which the luminescent particle layer 42 is em-
bedded in both the support layer 41 and the insulating
layer 43, and no bubble is present at the interface be-

tween each pair of the layers, is formed, as shown in
Fig. 3. In addition, a part having no luminescent layer
remains on the transparent conductive layer.
[0101] The coating thickness of the coating for form-
ing the insulating layer is selected so that the dry thick-
ness of the insulating layer is in the above range. The
solid content of the coating for forming the insulating lay-
er is usually between 5 and 70 wt. %. A solvent used in
the coating is selected from conventional organic sol-
vents so that the insulating material is homogeneously
dissolved or dispersed.
[0102] This coating may be prepared and applied us-
ing the same apparatuses or tools as those used for pre-
paring and applying the coating for forming the support
layer.
[0103] The drying conditions depend on the kind of
solvent in the coating and the solid content of the coat-
ing, and usually include a temperature in the range be-
tween room temperature (about 25°C) and 150°C, and
a drying time in the range between 5 seconds and 1
hour.
[0104] Finally, the rear electrode is laminated on the
insulating layer, while the buss is laminated on the part
of the transparent conductive layer carrying no lumines-
cent layer. The rear electrode may be formed by the
above described methods. Among them, the methods
for forming thin films in vacuum such as the vapor dep-
osition and sputtering are preferable for effectively form-
ing the rear electrode on the insulating layer, which has
been dried, with good adhesion between the rear elec-
trode and the insulating layer. The buss can be formed
by the same methods as those employed in the forma-
tion of the rear electrode.
[0105] In general, the rear electrode is continuously
formed over the whole back surface of a luminescent
layer, as shown in the Figures. However, the rear elec-
trode may be formed partly on the luminescent layer in
accordance with objects. For example, a rear electrode
can be formed in an image-wise manner. Thereby, the
EL device can emit light to display an image. To achieve
the same purpose, the luminescent layer may be formed
repeatedly in the lengthwise direction to display a con-
tinuous image.
[0106] The steps of the above described production
method are substantially the same as those of a con-
ventional method for producing a roll-form product.
Therefore, the roll-form EL devices having a high lumi-
nance and a large area can be produced at high pro-
ductivity using the production steps for the conventional
roll-form products. Furthermore, the problems caused
by the use of dispersion coatings are solved, since the
above method does not use the dispersion coatings of
the luminescent particles unlike the production of the
dispersion type EL devices.
[0107] The EL devices may be produced by an alter-
native method which may analogous to the above meth-
od, comprising applying the coating for the insulating
layer on the support including the rear electrode, scat-
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tering the luminescent particles prior to the drying of the
applied coating, embedding a part of the particle layer
in the insulating layer, drying the coating for the insulat-
ing layer, applying and drying the coating for the support
layer, then laminating the transparent substrate which
carries the transparent conductive layer, and finally lam-
inating the buss on the part of the transparent conduc-
tive layer carrying no luminescent layer. This method
has the same effects as the above described method.
In this case, the width of the rear electrode is smaller
than that of the transparent conductive layer, and the
buss is electrically in contact with neither the rear elec-
trode nor the luminescent layer.

Application of EL device

[0108] The EL device of the present invention can be
used as a light source for large-sized displays such as
internal-illuminating billboards, road signs, decorative
displays, and the like.
[0109] For example, images such as characters, de-
signs, and the like are printed on the surface of a light-
transmitting sheet, and the sheet is placed on the EL
device with the back surface of the sheet facing the light-
emitting side of the EL device. The light-transmitting
sheet may be made of the same material as that of the
above transparent substrate, and has a light transmis-
sion of at least 20 %. In this case, the back surface of
the sheet and the light-emitting side of the EL device are
preferably bonded each other. To this end, a light-trans-
mitting adhesive is used. Examples of such the adhe-
sive are pressure-sensitive acrylic adhesives, heat-sen-
sitive acrylic adhesives, and the like.
[0110] Alternatively, an EL device built-in type display
can be assembled by using a light-transmitting sheet as
the above transparent substrate, forming the transpar-
ent conductive layer directly on the back surface of the
light-transmitting sheet, and laminating the luminescent
layer on the conductive layer.
[0111] Furthermore, a prism type retroreflective sheet
may be used as the light-transmitting sheet (or the trans-
parent substrate) The combination with the retroreflec-
tive sheet can impart both the retroreflectivity and the
self-light-emitting properties to the EL device built-in
type display.
[0112] Light is emitted from the EL device by connect-
ing the buss on the transparent conductive layer and the
terminal on the rear electrode layer to a power source,
and applying a voltage to the EL device.
[0113] As the power source, cells such as dry cells,
batteries, solar cells, etc. may be used, or an alternating
current is supplied to the EL device from a power line
through an inverter, which alters the voltage or frequen-
cy, or change the current between the alternating cur-
rent and the direct current. The applied voltage is usually
between 3 and 200 V.
[0114] The EL device of the present invention has the
high light-emitting efficiency, and therefore emit light

with sufficient luminance (for example, 50 cd/m2 or high-
er) at a lower voltage (for example, 100 V or lower) than
that necessary for the conventional dispersion type
ones.
[0115] When the EL device is used outdoors, it is pref-
erably covered with water-capturing films made of, for
example, polyamide resins, or moisture-proof films
made of, for example, polytetrafluoroethylene.
[0116] Any component layer of the EL device of the
present invention, which is present in a light path from
the luminescent particles, for example, a transparent
substrate and a support layer may contain a colorant
such as a dye or a pigment to adjust emitted light color.
Furthermore, it is possible to provide, in a light path from
the luminescent particles, a wavelength-conversion lay-
er comprising a fluorescent dye, a fluorescent pigment,
etc., which is excited with light from the luminescent par-
ticles and emits light having a wavelength different from
that of the light from the luminescent layer. A component
layer containing such a fluorescent dye or a fluorescent
pigment, which is present in a light path from the lumi-
nescent particles, can be used as a wavelength-conver-
sion layer.

EXAMPLES

Example 1

Production of EL device

[0117] A roll-form laminated EL device having the
structure of Figs. 1 and 2 was produced in this Example.
[0118] An ITO/PET laminate film (trade name:
TCF-KPC 300-75A manufactured by OIKE Industries,
Ltd.) (thickness, 75 µm; light transmission, 81 %) was
used as a transparent substrate. The sizes of the film
were 320 mm in width and 60 m in length. This film had
the transparent conductive layer of ITO which had been
laminated by sputtering on one surface of the film. The
ITO layer has a thickness of 50 nm and a surface resis-
tivity of 250 Ω/square.
[0119] The ITO layer surface of the above transparent
substrate was coated with the solution of a polymer hav-
ing a high dielectric constant (a tetrafluoroethylene-hex-
afluoropropylene-vinylidene fluoride copolymer pro-
duced by 3M; trade name "THV 200 P" having a dielec-
tric constant of 8 (at 1 kHz) and a light transmission of
96 %) dissolved in the mixture of ethyl acetate and me-
thyl isobutyl ketone (1:1) at a coating weight of 5 g/m2,
to form a continuous layer in the lengthwise direction of
the film.
[0120] Just after the application of the solution, fluo-
rescent particles (615A manufactured by Durel) were
scattered with a spray coater (K-III Spray manufactured
by NIKKA), and the solution layer was dried at 650°C
for about 1 minute, and then at 125°C for about 3 min-
utes. Thus, a laminate was formed, which consisted of
the layer of fluorescent particles in the form of a sub-
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stantially single particle layer (luminescent layer) and a
support layer which were in close contact with each oth-
er. The fluorescent particles were embedded so that
about 30 % of the diameter of each particle was buried
in the support layer. The scattered amount of the fluo-
rescent particles was about 65 g/m2, and the thickness
of the luminescent particle layer was 33 µm. Further-
more, the solution was coated so that an exposed part
(non-coated part) of about 30 mm in width remained on
each side of the ITO surface.
[0121] Next, a coating for forming an insulating layer
was applied to cover the luminescent particle layer, and
dried to form an insulating layer. Thereby, a bonded
structure, in which the luminescent particle layer was
embedded both in the support and insulating layers and
substantially no bubbles were present at interfaces be-
tween each pair of layers, was formed. Thus, a lumines-
cent layer-carrying transparent substrate, in which the
luminescent layer continuously extended along the
lengthwise direction, was obtained.
[0122] The composition of the coating for forming an
insulating layer contained the above THV 200P, barium
titanate, ethyl acetate and methyl isobutyl ketone in a
weight ratio of 11:26:31:31. The coating was applied
with a bar coater so that a coating weight after drying
was 27 g/m2, and dried under the same conditions as
those in the case of the support layer. The total thickness
of the luminescent layer was 36 µm after drying.
[0123] Then, an application tape for sealing (trade
name: 2479H 7Y manufactured by 3M; a width of 18
mm) as a masking was adhered to each edge portion
on the ITO film side of the luminescent layer-carrying
transparent substrate along the length of the substrate,
with leaving an exposed surface having a width of about
5 mm on each side.
[0124] Finally, aluminum was vacuum deposited on
the coated surface of the luminescent layer-carrying
transparent substrate, that is, the surface having the lu-
minescent layer, masking, and exposed ITO surfaces,
and then the masking was removed. Thus, a rear elec-
trode and two busses on both edge portions, all of which
were made of aluminum, were formed at the same time.
Accordingly, the roll-form EL device of the present in-
vention was obtained.
[0125] The vacuum deposition of aluminum was car-
ried out under a chamber pressure of 4 x 10-2 to 6.66 x
10-2 Pa (3.0 to 5.0 10-4 Torr) at a line speed of 90 m/min.
[0126] Non-deposited parts remained between the
rear electrode and two bases, and the busses were elec-
trically in contact with neither the luminescent layer nor
the rear electrode. The busses were stripe-form busses
which continuously extended in the lengthwise direction
and had no discontinuous parts.

Light emission from EL device

[0127] A rectangular EL device having plane sizes of
100 mm (length) and 320 mm (width) was cut out from

the obtained roll-form EL device (stock product). Then,
an alternating voltage of 100 V and 400 Hz was applied
between the rear electrode and busses to illuminate the
EL device. The luminance was 62 cd/m2, and the lumi-
nous efficacy was 2.31 lm (lumen)/W.
[0128] The alternating voltage was applied with a
power supply (trade name: PCR 500L manufactured by
KIKUSUI Electronic Industries, Ltd.) The luminance was
measured as follows:
[0129] An EL device was placed in a dark room, and
the luminance was measured at a distance of 1 meter
from the surface of the transparent substrate using a lu-
minance meter (LS 110 manufactured by MINOLTA).

Example 2

[0130] An EL device having a dispersion type lumi-
nescent layer was produced in this Example.
[0131] A dispersion coating for forming a luminescent
layer was prepared so that the same polymer having a
high dielectric constant (THV 200P) and the same fluo-
rescent particles (615A) as those used in Example 1
were contained in a weight ratio of 1:3. Ethyl acetate
was used as a solvent, and the solid content of the coat-
ing was 30 wt. %. This coating was applied on the ITO
layer of the transparent substrate in the same manner
as that for coating the support layer in Example 1 so that
the dry thickness of the luminescent layer was 32 µm,
and dried at 65°C for about 3 minutes. Then, an insu-
lating layer, a rear electrode and busses were formed in
the same manners as in Example 1.
[0132] The voltage was applied and luminance was
measured in the same manner as in Example 1. The
luminance was 30 cd/m2, and the luminous efficacy was
1.6 lm/W.

Claims

1. An electroluminescent device, comprising:

a transparent substrate which extends in the
lengthwise direction of the device,
a transparent conductive layer placed on the
back surface of the transparent substrate,
a luminescent layer having a width which is
smaller than the width of the transparent con-
ductive layer and being placed on the back sur-
face of the transparent conductive layer,
a rear electrode placed on the back surface of
the luminescent layer, and
at least one buss which is placed on the part of
the back surface of the transparent conductive
layer having no luminescent layer,

wherein the buss has a width smaller than the
width of the transparent conductive layer and is
electrically in contact with neither the luminescent
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layer nor the rear electrode, and
wherein the transparent conductive layer, the

luminescent layer, the rear electrode and the buss
continuously extend in the lengthwise direction of
the transparent substrate prior to cutting the device.

2. An electroluminescent device according to claim 1,
wherein the luminescent layer comprises:

a transparent support layer comprising a matrix
resin and being placed on the side of the trans-
parent conductive layer,
an insulating layer comprising an insulating ma-
terial and being placed on the side of the rear
electrode, and
a luminescent particle layer having luminescent
particles which are embedded in both the sup-
port layer and the insulating layer.

3. An electroluminescent device according to claim 2,
wherein the luminescent particle layer comprises a
coated layer having substantially the same thick-
ness as the particle size of the luminescent parti-
cles.

4. An electroluminescent device according to claim 2,
wherein the insulating layer is a coating layer com-
prising insulating particles and a polymer having a
high dielectric constant and wherein the amount of
the insulating particles is between 10 and 350 wt.
parts per 100 wt. parts of the polymer having the
high dielectric constant.

5. An electroluminescent device according to claim 2,
wherein the luminescent particles are prepared us-
ing a material selected from the group consisting of
ZnS, CdZnS, ZnSSe, and CdZnSe and mixtures of
these materials with one or more auxiliary compo-
nents selected from the group consisting of Cu, I,
Cl, Al, Mn, NdF3, Ag, and B.

6. An electroluminescent device according to claim 2,
wherein the luminescent particle layer contains at
least two kinds of luminescent particles.

7. An electroluminescent device according to claim 2,
wherein the transparent substrate is a plastic film.

8. An electroluminescent device according to claim 1,
wherein the transparent substrate is a film selected
from the group consisting of polyethylene tereph-
thalate, polyethylene naphthalate; acrylic resins;
fluororesins; polycarbonate resins; and vinyl chlo-
ride resins.

9. An electroluminescent device according to claim 1,
wherein the transparent substrate is a multilayer
film.

10. An electroluminescent device according to claim 1,
wherein the transparent substrate has a light trans-
mission at least 70 %when measured using a spec-
trophotometer with light of 550 nm.

11. An electroluminescent device according to claim 1,
wherein the device has a total thickness between
50 and 3000 microns.

12. An electroluminescent device according to claim 1,
wherein the device is a roll-form device having a
length of at least 1 meter.

Patentansprüche

1. Elektrolumineszenzelement, das aufweist:

ein lichtdurchlässiges Substrat, das sich in
Längsrichtung des Elements erstreckt,
eine lichtdurchlässige leitfähige Schicht, die
auf die Rückseite des lichtdurchlässigen Sub-
strats aufgebracht wird,
eine Lumineszenzschicht, die eine geringere
Breite als die lichtdurchlässige leitfähige
Schicht aufweist und auf die Rückseite der
lichtdurchlässigen leitfähigen Schicht angeord-
net ist,
eine hintere Elektrode, die auf die Rückseite
der Lumineszenzschicht angeordnet ist, und
mindestens einen Bus, der auf den Teil der
Rückseite der lichtdurchlässigen leitfähigen
Schicht angeordnet ist, der keine Lumines-
zenzschicht aufweist,

wobei der Bus eine kleinere Breite aufweist
als die lichtdurchlässige leitfähige Schicht und sich
weder mit der Lumineszenzschicht noch mit der
hinteren Elektrode in elektrischem Kontakt befin-
det, und

wobei die lichtdurchlässige leitfähige Schicht,
die Lumineszenzschicht, die hintere Elektrode und
der Bus sich vor dem Zuschneiden des Elements
durchgehend in Längsrichtung des lichtdurchlässi-
gen Substrats erstrecken.

2. Elektrolumineszenzelement nach Anspruch 1, wo-
bei die Lumineszenzschicht aufweist:

eine lichtdurchlässige Trägerschicht mit einem
Matrixharz, die auf der Seite der lichtdurchläs-
sigen leitfähigen Schicht angeordnet ist,
eine Isolierschicht mit einem Isoliermaterial,
die auf der Seite der hinteren Elektrode ange-
ordnet ist, und
eine Lumineszenzteilchenschicht mit Lumines-
zenzteilchen, die sowohl in die Trägerschicht
als auch in die Isolierschicht eingebettet sind.
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3. Elektrolumineszenzelement nach Anspruch 2, wo-
bei die Lumineszenzteilchenschicht eine beschich-
tete Schicht aufweist, deren Dicke im wesentlichen
gleich der Teilchengröße der Lumineszenzteilchen
ist.

4. Elektrolumineszenzelement nach Anspruch 2, wo-
bei die Isolierschicht eine Überzugsschicht ist, die
Isolierteilchen und ein Polymer mit hoher Dielektri-
zitätskonstante aufweist, und wobei der Anteil der
Isolierteilchen zwischen 10 und 350 Gewichtsteile
pro 100 Gewichtsteile des Polymers mit hoher Di-
elektrizitätskonstante liegt.

5. Elektrolumineszenzelement nach Anspruch 2, wo-
bei die Lumineszenzteilchen unter Verwendung ei-
nes Materials hergestellt werden, das aus der Grup-
pe ausgewählt ist, die aus ZnS, CdZnS, ZnSSe und
CdZnSe sowie aus Gemischen dieser Materialien
mit einer oder mehreren Zusatzkomponenten be-
steht, die aus der Gruppe ausgewählt sind, die aus
Cu, I, Cl, Al, Mn, NdF3, Ag und B besteht.

6. Elektrolumineszenzelement nach Anspruch 2, wo-
bei die Lumineszenzteilchenschicht mindestens
zwei Arten von Lumineszenzteilchen enthält.

7. Elektrolumineszenzelement nach Anspruch 2, wo-
bei das lichtdurchlässige Substrat eine Kunststoff-
folie ist.

8. Elektrolumineszenzelement nach Anspruch 1, wo-
bei das lichtdurchlässige Substrat eine Folie ist, die
aus der Gruppe, die aus Polyethylenterephtalat,
Polyethylennaphthalat; Acrylharzen, Fluorharzen,
Polycarbonatharzen und Vinylchloridharzen be-
steht, ausgewählt ist.

9. Elektrolumineszenzelement nach Anspruch 1, wo-
bei das lichtdurchlässige Substrat eine mehrschich-
tige Folie ist.

10. Elektrolumineszenzelement nach Anspruch 1, wo-
bei das lichtdurchlässige Substrat eine Lichtdurch-
lässigkeit von mindestens 70% aufweist, wenn die-
se mit einem Spektrophotometer mit Licht von 550
nm Wellenlänge gemessen wird.

11. Elektrolumineszenzelement nach Anspruch 1, wo-
bei das Element eine Gesamtdicke zwischen 50
und 3000 µm aufweist.

12. Elektrolumineszenzelement nach Anspruch 1, wo-
bei das Element ein rollenförmiges Element mit ei-
ner Länge von mindestens 1 m ist.

Revendications

1. Dispositif électroluminescent, comprenant :

un substrat transparent qui s'étend dans la di-
rection longitudinale du dispositif,
une couche conductrice transparente placée
sur la surface arrière du substrat transparent,
une couche luminescente ayant une largeur qui
est plus étroite que la largeur de la couche con-
ductrice transparente et placée sur la surface
arrière de la couche conductrice transparente,
une électrode arrière placée sur la surface ar-
rière de la couche luminescente, et
au moins un bus qui est placé sur la partie de
la surface arrière de la couche conductrice
transparente n'ayant pas de couche lumines-
cente,

dans lequel le bus a une largeur plus étroite que la
largeur de la couche conductrice transparente et
n'est en contact électriquement ni avec la couche
luminescente ni avec l'électrode arrière, et
dans lequel la couche conductrice transparente, la
couche luminescente, l'électrode arrière et le bus
s'étendent en continu dans la direction longitudinale
du substrat transparent avant la découpe du dispo-
sitif.

2. Dispositif électroluminescent selon la revendication
1, dans lequel la couche luminescente comprend :

une couche support transparente comprenant
une résine de matrice et étant placée sur le côté
de la couche conductrice transparente,
une couche isolante comprenant un matériau
isolant et étant placée sur le côté de l'électrode
arrière, et
une couche de particules luminescentes ayant
des particules luminescentes qui sont enro-
bées à la fois dans la couche support et la cou-
che isolante.

3. Dispositif électroluminescent selon la revendication
2, dans lequel la couche de particules luminescen-
tes comprend une couche revêtue ayant essentiel-
lement la même épaisseur que la taille de particules
des particules luminescentes.

4. Dispositif électroluminescent selon la revendication
2, dans lequel la couche isolante est une couche de
revêtement comprenant des particules isolantes et
un polymère ayant une constante diélectrique éle-
vée et dans lequel la quantité des particules isolan-
tes est entre 10 et 350 parties en poids pour 100
parties en poids du polymère ayant la constante
diélectrique élevée.
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5. Dispositif électroluminescent selon la revendication
2, dans lequel on prépare les particules lumines-
centes en utilisant un matériau choisi dans le grou-
pe constitué de ZnS, CdZnS, ZnSSe et CdZnSe et
les mélanges de ces matériaux avec un ou plu-
sieurs composants auxiliaires choisis dans le grou-
pe constitué de Cu, I, Cl, Al, Mn, NdF3, Ag et B.

6. Dispositif électroluminescent selon la revendication
2, dans lequel la couche de particules luminescen-
tes contient au moins deux types de particules lu-
minescentes.

7. Dispositif électroluminescent selon la revendication
2, dans lequel le substrat transparent est un film de
plastique.

8. Dispositif électroluminescent selon la revendication
1, dans lequel le substrat transparent est un film
choisi dans le groupe constitué du polytéréphtalate
d'éthylène, polynaphtalate d'éthylène ; des résines
acryliques ; des résines fluorées ; des résines
polycarbonate ; et des résines de chlorure de viny-
le.

9. Dispositif électroluminescent selon la revendication
1, dans lequel le substrat transparent est un film
multicouche.

10. Dispositif électroluminescent selon la revendication
1, dans lequel le substrat transparent a une trans-
mission de la lumière d'au moins 70 % lorsqu'elle
est mesurée en utilisant un spectrophotomètre
avec de la lumière de 550 nm.

11. Dispositif électroluminescent selon la revendication
1, dans lequel le dispositif a une épaisseur totale
entre 50 et 3000 micromètres.

12. Dispositif électroluminescent selon la revendication
1, dans lequel le dispositif est un dispositif en forme
de rouleau ayant une longueur d'au moins 1 mètre.
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